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PROPELLER TESTS ON AIRPLANES- * 
By A* Senouque. 

At flxst thought J It vould appear easy to oonpaxe two pzcp&l- 
lezs axA choose the zooze suitable one foz a given alzplanoj by 

I 

sluply detexulnlng the revolution qpeed of each propeller with ths 
throttle wide open and then ohoosing the one with the highest 
speed. Any choice made in this maoiier oaa only be considered as 
a first approximation. for« althouesh this test shows which pro- 
peller will give the airplane the greatest epeed. it gives us no 
information zegardlng its efficiency and does not prove in ad- 
vance but that the slower propeller « after being modif ied« might 
drive the airplane faster than the other. 

in order to determine the eff ioienoy of a propeller as ao- 
curately as possible j its revolution speed, thrust and power ab- 
sorbed must be measured during fligjht. unfortunately, these meas- 
urements oan be made only by es^erienoed persons and with very 
oonqplicated apparatus, six^oa &t the present time, constructors 
oan ha,rdly retain an aixplane long enougih for the installation of 
very fragile and eigpensive instruments, we thought it would be 
better to content ourselves with e^roscimate results obtainable 
in two or three hours of flight, with only the inErtruments ordi- 
narily employed In the acceptanoe tests of military aixplanes. 
These tests oan be made by any pilot axid no apeoial instruments 

are required, wo tried several eacperimente of this kind at the 

* From npremier congrds international de la navigation A^ienne," 
pazis, November, 1931, vol. u, pp. 36*32. 



Euo alxd-jcatke on aa f< 50 alxplaae, with two Lorralna 875 HP en- 
glnes. Although these tests were Inoomplete, we will give a de- 
tailed aooount of them. 

we had the following Inatrunenta on boaxd: 

1. A Badln agpeed Indloator, whloh we had adjiiated In oalm 
weathex while flying at an altitude of about 30 meters above a 
strai^t road of 4600 inetexs; 

8. An altimeter registering from 0 to 500 meters, with a oyl- 
Inder revolYlng onoe in 30 minutes; 

3. T^Mhometers giving the revolution apeeda of the enginea. 

we also had the owe of the engine tests on the benoh. 

There were two aerlea of flights to be made: climbing aad 
horizontal. These flights naturaJLly had to be made in oalm weaiid& 

Ollmblng f llg^ta were made with wide-open throttlea. During 
each ollmb, the apeed of the airplane was kept constant by watch- 
ing the Badin anemometer dial and keeping Ita pointer alwaya on 
the aame diviaionj whloh was easily done. The test begap when the 
alTp3.ane waa about SO metera from the ground, on reaching an al- 
titude of 500 meters^ a gliding descent was made and, without land- 
ings another olimb waa begun at a different apeed from the first. 
During eaoh test the revolution speeds of the propeller were zioted» 
as given by the ta<}hometers. jn this manner, five or six tests 
were mada at different ^eeds nearly uniformly distributed between 
the highest and lowest speeds poaslble In safety, in these tests 
the epeed Of the airplane in ita trajectory was given by the Badln 
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aaemometar and ite vertloaJ. speed was oaloulated from deasuresients 
made on tbe ouzves of the zeooxdlng altimeter. Oare had simply to 
be taken to utilize these curves only between 100 and 450 meters, 
sinoe, outside these limits, the climbing stpeed oould not be kept 
uniform, beoause of the aooelerations produced at the moment of 
changing the direction of flight. 

The horizon taJL flints were made at an altitude of about 30 
meters, this altitude being medntadned by estimating with the eye. 
If it were desired to operate at a much hi^^er altitude, it would 
be neoeasary to use a very senaltive a,ltlmeter« whose pointer 
would move at least 8 mm. for a difference of 10 meters in altl- 
tude, and to keep the pointer always on the same mark. The flight 
is begun with throttles wide crpen for at least two minutes, while 
continually watching the Badin anemometer and the taohometers, in 
order to determine the average speed of the airplane and the revo- 
lution speed of the propellers. TCien this article was written, 
other tests were being made with throttled engines and diminished 
cqpeeds. As in the climbing flights, 'five or six tests were made 
at speeds distributed uniformly between the highest and lowest : 
horizontal speeds attainable. 

We have only been able to test propellers of two different 
tjHpes. The first were Chauvldre propellers habitually mounted on 
F. 50 airplanes. The others (No. 3) were made according to our own 
specifications. These propellers,, of 2.8 meters diameter, only 
differed in pitoh. No. 1 having a pitch of 1.6 metez's, and No. 3 
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having a pitch of 3.S maters. Tho results of our eacperiments are 
given in the following tables. Table I relates to olimbing testa 
aiia Table II 'to lioriabntal f lifi^hts; 

TABLE I. 
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In tbeee tables, V is the horizontal epesd. of the alzplcvce, 
V Its vextioaJL epeed, N the x.p.m. , cuxd n the r.p. seo* of 
the pzopellezs, V/n the advanoe per revolution and P the en- 
ergy expended. Slnoe« in the horizontal flight a, the engines did 
not always run with throttles wide open, we oatmot read Atxac^Ly 
on the curve of the engine teste the power absorbed by the ptapel- 
lers. In order to find it, we must maJce a oaloulation whioh pre- 
sents no difficulty, if we aasume that, for the same advance per 
revolution, the power absorbed is prqpoztional to the oube of the 
nuznber of revolutions. Let us find, for example, the power gen- 
erated by the engines when propellers No. 1 revolve at 1300 r.p.xn. 
and the advance per revolution is 1.41 meters. In Table I, we 
see that between an advance of 1.31 meters per revolution and one 
of 1. 53 meters, the power and nuzober of revolutions vary but lit- 
tle. We nay- therefore assume that, between these two forward 
speeds of the propellers, these values are proportional to the 
advance per revolution. We will then have, for an advance of 
1.41, N = 1710 and P = 536. 

The power absorbed at 1300 r.p.zn. will then be 

3 

P » 538 (t?§§) = 836!BP 

From the results in the preceding tables, we traced the 
gre^hlcs in Figs. 1-3. The first, made from the data in Table I , 
gives for eadh propeller type the variations in the vertical 
speed of the airplane in terms of its horizontal speed. On eadh 
curve we have written the power abecrbed by the propellers. The 
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aeooxid graphlo gives the varlatloxis In the power abeofbed duxitig 
the horizontal flights and ollmbs In terms of the horizontal speed 
of the aizplone. On these orxrves we have inlloated the adranoe 
per revolution of the propellers. The U curves were taken from 
Table II and give the vajrlatlons of the power expended, when tl-.e 
engines worked with throttles wide open during the ollsibs. The 
H curves represent the variations of the power expended lAien the 
engines worked with reduced Intake In horizontal flight. 

If we examine the curves of Fig. 1, without taking account 
of the power absorbed, we shall conclude Immediately that the "So. 
1 propellers are preferable to the others because, with throttles 
wide open, they give a greater horizontal speed (43.6 instead of 
41.6 m/s) and also because the climbing speed is greater (4.44 
instead of 3.6 m/s). But, if we take axicount of the power ab- 
sorbed, our conclusions will no longer be the same. In fact, we 
see that both curves have a common point A. This indicates that 
at that instant both types of propellers are capable of giving 
the airplane the same horizontal and vertlcflJL ^eed. Hence they ' 
furnish the same amount of useful energy. But, on the other hand, 
Te see by regarding the values of the powers inscribed on the 
curves, that the No. 1 propellers absorb, under these oonditicais, 
536 HP, idiile propellers No. 3 absorb only 480 HP, a difference 
of 46 HP, or 95&, which is not negligible. 

Let us now pass to the curves of Fig. 3. At the point B, 
corresponding to a horizontal speed of 41. 5 m/s, both the H 



cusves Inter s80u. Hence the propellexa cJbsoxb the asate poxTer 
and, since they give the alxplane the same horizontal arpeed, the:' 
furnish the same useful energy and have therefore the sane effi- 
ciency. If we now examine what taJces place when the speed of the 
airplane is 35 m/s^ we see that with propellers Ho. 1 the engines 

t 

met give 335 BP, while with propellers Ho. 2 they xirill give only 
305 HP. The difference is 30 HP. Hence, by using the latter, we 
would make a saving of 10J& in the power eagpended. 

In short, if, in the utilization of the airplane, we can be 
satisfied with a vertical sopeed of 3.6 m/s instead of 4.44 m/s 
and with a majriTwiim hoxlLontal speed of 41.6 m/s (150 Im/h) instead 
of 43.6 m/B (157. loo/h), which is entirely inadmissible in air 
traffic, we will adopt the No. 3 propellers. In fact, at all the 
attainable speeds up to 41.6 m/s, the Ho. 3 propellers reQ,uire 
less power for the same horizontal speed. There will be, there- 
fore, an appreciable saving of fuel and a considerable diminution 
of engine fatigue and if, in exceptional instanoes, we ajre oblig- 
ed to fly with the mayimuia power of the engines, the difference 
in the speeds attained will make only a very ali^t difference 
in the duration of the flight. Thus a flight of 300 km. (about 
the distance frm Paris to Brussels) would take two hours with 
propellers Ho. 3 and six minutes less with the others. The Ho. 3 
propellers have the disadvantage of braking the engines too much, 
T?hloh oan hardly be utilized beyond 345 HP, aJLthougjh their iHaac^np n ii 
power is 375 HP. This may sometimes interfere with starting from 
iL'dd fields. Therefore, in order to utilize all the engine' power 
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in taJclng off the dlametex of pxppellers No. 2 vould need to T3« 
dlxBlnlahed jao_ they oan revolve more re^ldly, tout we do not yet 
have all the data neoessary for oaloulatlng this diameter. 

We did not have time to continue these tests, irhloh enable 
us under oertaln fll^t conditions to ooiopare the efficiency of 
the propellers, but which cannot give the absolute value of the 
output, nor eepe dally the variations In this output. Since our 
ezperlfflsnts have only given us the energy dlerpensed, we need to 
ST]^lemsnt them by determining the useful energy. 

Fortunately this determination can be readily made after 
eacdi climb. After reaching the altitude fixed for these fllgiite,' 
we descend with the engines at their lowest speeds and with the 
pointer of the Badln anemometer on the same division of i$s dial, 
which keeps the speed of the airplane constant, its path will be 
an inclined strai^t line and its descending speed will be given, 
like its climbing speed, by the curves of the recording altime- 
ter. Thus we make several descents at different epeeds azid we 
have all the data necesseiry for calculating the variations of the 
power utilized. Since the propellers revolve at a low speed, 
they exert only a very feeble pull in the direction the airplane 
is moving, or in the opposite direction, which we may neglect. 
The airplane is then subject only to the influence of the weight, 
while the power utilized will eq.ual the product of the weigjht of 
the airplane times the vertical speed. Thus, when the airplane 
(which weighs 3550 kg. ) descends in a glide with a speed of 38 
m/s in its ttajegtory and with a vertical speed of 8.15 m/s, the 
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P0V9Z Utilised, P^, will be 

Pu ■ ■8550 X 8.15.*» .30800 kg/m/.s •= 277 HP. 

We will make the same oaloulatlons fox the other speeds of 
gliding desoent azid ve have all the data neoessazy fox tzaolng In 
Fig. 8 the Qurve Pu of the useful powers In terms of the speeds. 
Slnoe the gliding descents, up to a epeed of 45 m/s, are made at 
a small laollne, we have again assumed that, for a given Epeed, the 
power utilized was the same In gliding as In horizontal fllgjht. 

We now have, for the different speeds of the airplane In hori- 
zontal flight, the power P expended at the same time as that of 
the useful power P^ and we can deduce from it the efficiency r\ 
of the propellers. Thus, when the airplane flies horizontally at 
a Qpeed of 38 m/s, the No. 3 propellers will have an effioienoy 

The propeller efficiency lAiile climbing is not found so eas- 
ily. . In this oase and for a givai speed, the power utilized 
eq.uals the power in' horizontal fli^t increased by the product of 
the weigjht of the airplane times its vertical speed. Thus, idien 
the aizplane haa a speed of 28 m/s and when it olioibs at the rate 
of 3.56 m/s. we will have, according to graphics 1 and 2: 

It is desirable to follow the variations in the effioienoy of 
the propellers, not in terms of the speed of the airplane, but in 
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tenj^a of their advance per revolution, or, better atlll, aooord- 
ing to the ratio.. V/Pn, In lAiloh T la the tranalatlon. fifpeed 
of the propeller, Kbloh la efiaal to the speed of. the airplane In 
Ita trajeotoxy, n the nuniber of r.p.46o. of the propeller, and 
D, Its diameter. We give therefore (Fig. 3) the ourve of the 
variations of the efUolenoy of the Ho. 3 propellers In terms of 
V/Dn. 

With all these data we oan oozqpute the ooeff lolents a aoad 
3 of Revard, as also the curves of the useful powers In terms of 
the propeller speeds more or leas hlg^, but similar to the No. 3 
propeller, and determine whloh one Is better adapted to our air- 
plane and to Its engines. 

Aside from these propeller questions, the curves lAiloh oor« j 
respozid to the powers with reduced Intake show us that the hori- 
zontal speed limit Is praotloally 28 m/s with an escpendlture of 
only 800 HP and that, at this Instant, the power has not yet 
reaohed Its minimum. The airplane, as It Is, oannot fly there- 
fore at Its minimum power, for at this speed Its oontrols would 
not be effective. It would therefore be advantageous to Increase 
the area of the control surfaces. In order to enable It to fly at 
the speed of Its minimum power and, above all, to land more ggently. 

Translated by the National Advisory Committee for AerOnautlos. 
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